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A. 

Explicit expressions for tbe^ intensity distribution in the 
branches of ►•//’ and »!'.•—►*// bands are given, which ought to be 
valid for all valu'-’S of the coupling constant Y of the *'n terms. 

The corresponding formulas can also be derived for the *fl -**n bands. 
The intensity distribution calculated according to the formulas 
given is compared with measurements of PH, bands. There 

is quite good quantitative agreement. 

The problem of the Intensity distribution in the multiplet 
band branches of the two atomic molecule was treated by Hill and 
van Vleck, to the extent that they dealt with terms among the Hund 
cases a — b. This is almost always the case, and in principle, this 
problem was solved. They gave the elements of the amplitude matrix 
q^ [1] and of the energy matrix H^ [2], so that based on the equation 

Si 3. 

SH^S* = W ( 1 ) 

the energy values W and the transformation matrix S can be calculated. 
Then according to 

f!'f=Sq^S* ( 2 ) 

(SS* = 1) it is possible to calculate the amplitudes For 

doublet bands, it was possible to give explicit expressions for the 
intensity distribution, and this was compared with experienc«? [33 • 

The difficulty for triplet bands is caused by the fact that we do 
not have any simple expression for the V/ energies, which for all 
values of the coupling constant Y = A/B are valid with precision 
accuracy. The expressions derived by the author [i|] are not suitable 
for this purpose. Therefore, we select the following energy express- 
ion 
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These are sufficiently accurate and for Y » 0 and y = ~; » 
respectively, they turn into the exact formulas in cases b and a 
respectively (in the case of Wg in case a, up to an additional 
constant 2 which is Inconsequential here). 


Prom these values and the known expression for H_, based on 

3 , 

Equation (l), it is possible to calculate the elements of the trans- 
formation matrix *9(*//), and in a similar way, the elements of 9 TO. 
Then according to (2), we can also calculate the elements of 

>’//) , the squares of which are decisive (the so-called 

i-f actors) for the intensity distribution in the ^V/- branches. 

The final expressions in all 27 branches are shown in Table i. Here 
and in the following we have 

[V (V ~ c [V (V - J) - 4 (J -f 1)«J’ » 

and 

C\(J) = J (J ^ 1) y (V - J) -r -2 (2 j T 1) - 1) T 1). 

c.(j) = y(y~4)~iJ(^-fi). 

( '^(J) = (J - 1) (J -i-2) y (V - I) -f-2 (•> J-r\)J(J T-1) {J'V'2) 


(5) 


for normal terms (Y positive). For the reverse terms, on the other 
hand, (Y negative), the coefficient of Y(Y-4) in C^(J) equals (J-1) 

(J+2) instead of J(J+1). In 0,(J), it is equal to J(J+l) instead of 
(J-lMJ-2) . The formulas are valid for all values of Y and as 
special cases, they contain the formulas for 

{b), “2’ 3//,,,,,, (fl), that is, respectively 

y 0, CO, — 00. 

If • 

The exact expressions for C,(J) is i) V O' — ■•H- 2 c-M -i- -- iP/ -r i) 

- O' **- 2 ) ! V (V - -n H- 4./’V * - VO' - •») -f 4 

but the simplification given in the 
text is permissible. A similar statement 
applies for C^CJ). 
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0^ POOR QUAL»ry 



»!/-*> »r II 

i-factors 

Pl(^) 

J*,(J~l) 



1 

QiiJ) 1 

((ji + + (y 1:2)+ 2 J(J»- 1))» 


P|(*^ + l) 

J(J(J + 2)ii,+(J+2)(y-2) + 2(J-lM./+l)M» 

(J + l)(2JHr8)C|(J) 



JCi(J) 

*«ii(-') 

'O.iCJ) 

(2 J + 1) ((J* + J - 1) ( V -2) + u,l» 
J (J + 


®Pll(J^+») 

J(J + 2)[J(V-2) + «,l» 

“p.dj) 


(J-l)MJ+»)((J + 0«i-(V-2)-2J<J-f 1)1* 

J(2J — l)Ci(J) 

‘Q.ifJ) 


({Ji + J-.l)u, 4- (V~2)-2(J-1)(J' + !)*)• 



J(J + 2MJ«i + V-2J*l« 
(2J + 3)Ci(J) 


— 1) 


%i(J) 


2 |J(y- 2 )-- 21 » . • 

J Cg{J) \ 

"%>w 

®P.i(*^ + l) 

2J[(J + l)V-2(2J + 3)]» 
(J-f l)(2J + 3)C,(J) 

P,(J) 

BAJ-i) 

JC,(J) 

QAJ) 

Q-iW) 

8(2j+n(‘/’^+‘^“ »)* 

^ J{J + i)C.j{J) 


1 

eJ»(«/ + 2) 

1 (j'4-i)C.j(T) 



! • 2(J + l)[JtV-4)-fO]i 

■ J(2J-l)Cj(J) 


%,(J) 

y(J + l)_V-2^ 


"P^*(J + 1) 

t 

! 2JlJ+2)V* 

1 ■■(2JVa)c;(;/) 
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%,(■>) 

‘QnW 



%,w 




\ 

‘Piiy+i) 

r,m 


Qi(J) 

Qt(J) 


Pi(J4*l) 


i-Tactors 


(2J-1)C,(J) 

[(J» + J^l)u,^(y-^2)-2J»fJ + 2) ]» 

I 

‘^(j + U (2J -f 3)0|(«/) 

(2 J 4- 1) [(j* -H J ^ 1 ) ( Y - 2) -- «I,1« 

J(J + 2) (J(Y_~2)>-U3? 

(J + l)d,(J) 

(J-flM(J»-l)u,-KJ-l)(Y-S)--2J«(J-f2)}» 
J(2J — l)Cj(J) 

((Ji + J^|)u,-(Y-,2)^2J(J-^1)(J + S))« 
(J + 

J^J + 2)(J«j-(Y-2) + 2JfJ~2))* 
(•2j'~3)Ci<J) 


TABLE 2 


:’anches 


i- factors 


tja{a)-¥- tJJia) 


»J7(6) -*> >i7(6) 

Pi(J) 

J 

(J-lU I 

iJ — 2)^.2 J + 1) 


2(2J-f-l) 

^J-lll2J-l) 


0 

0 

cj+ lir;-J + 1) 
J- 


J + 1 


(J_l)(J_i)(2J+3) 

2(2Jt'1) 

J{'2J-l) 

'Pn(J) 

0 

(J>_1)S(J + 1)S 

2J-1 


(J — l.J!* 


0 

J — 1 
J* 

( J ~ 1 *1 > J + 1 ) 


0 

<J-l)(J + 2) 

0 


2u -f I 


‘f.M 

A 

(J-2)(J+l)(J + 2)» 

<J — l)(J + l) 


2J*(2J + 1) 

J’-<.2J — 1S.2J + 1) 

%AJ) 

0 

2{J + 2) 

J* 

C 


0 

(J-1)(J + 2)(J + S) 

0 

2JC2J+I) 
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branches 


-1- fact or 


»/»(•) 




0 

J 

2 ' • 

0 

'CitW) 1 

o' 

0 

(j-.i)(j4-n 

3» 

j 

1 

0 

J + 1 

2J4-8 

0 


P|(J) 



(J-|)»(J4-l)» 

J 

J" 

if* 


2J+I 

2J + 1 

(2J4-l)(J»4*J-l)» 

■jVVi) 

3^ + 1)* 

J*(J4.l)» 

Ra(J) 


if 4* 2 

. J»(J4-2)» 

1 J-l 


(J4-l)> 


1 ® 

(J-2)(J--l)(J + 2)» 
2J‘(J + l) 

2J-1 


j 0 

2{.r-i)(3+2)(2J+n 

if(J4-S) 

1 ^ 

J*{J + 1)« 



I 0 

(J-l)»(J + 2)(J + 8) 
•2J(./ + 1)2 

0 



J(J+2) 
2(2 If +1) 

1 

( 0 

%.>w 


0 

0 


i 

(J+l)fJ + 2) 


1 0 

1 

2(2.f+l) 

Uj+l)H‘2J + l)(2J+i) 


i 

''(J“l)(.f + 2) 

1 

■ D • 

i 0 

It 

1 

2tf 4* 1 

1 


1 

J4-2 

i 


; 0 

i 

, PTi)5 

: (J4-1)* 


|: 

j J^(J4-2)’ 

1 2J+1 

1 0 

I (JxiVM234-l) 

: (J4-1)3(J4.2) 

1 

P»iJ) 

11 ( J - 2) (J 2) : (J -2) (J - 1) (j-f 2) 

! J(J4-2)(2‘f-0 

1 (J + 1)12 3 + 1) 

i J 

i (J4-l)(2J4-l) 

(MJ) 

; 4(2J+1) 

1 2(J-I) 

! J(2.f4-1) 

1 (J4-0* •• 

; (*f + ll* 

HAJ) 

iJ — n(J + 31i (J— 3^ 

1 (J-fl)(‘f + 3)(2J4j), 

il J . 1 

■1 + + 

(J4-2)(2J4-3) 
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In order to be able to also calculate the intensity distri- ^ 

bution for , we will give the elements of S(*/7) , These j 

are the following; 

, „ 1 V2(J*-I) Cf _V(J-l)(^+2)[«,^(y-2)] 

’’ ,sic,(J) '• K,«) “ syc.w 

^ _ y-a , Va(j-i)(j^a) 
vc,(J) ■ • “"Vc.W’ " , ■ 

„ ^\'jp;T)[t<.-(y-2] „ _V2J(Jt2) „ _V(j-i)(j+a)[u,;(y-2)] 

where the first indices 1,2,3 refer to the states K = J-1, J, J +1, 

and the second 1,2,3 refer to - 0,1,2. The amplitudes can be 

taken from Table 2. The phases of all of the elements of q„ could, 

a 

for? +0 be positive and real . The formulas for 

the intensities in the general case can now be given as 

= 5 ,, (J'. y') (J'5 J") S,, (J'S r') 

+ (J', r) (J'; J") s*, (j'\ n fc - 1, 2, 8 ), 

v^ere J’, Y' refer to the initial state and J" , Y” refer to the final 
state. The formulas for the limiting cases ®/7(a)H»/7{a), */7(a) -*-*/7(b), */7(b) 

-♦•*/7(fc) are contained in Table 2, where the V/ terms are assumed 

• 

to be normal 

One does not have to give the explicit intensity formulas as 
In the general case because experience shows that for most of the 
V/-+3/7 bands, the parameters Y‘ , Y" of the second terms differ 
¥ 

See Hill and van Vleck, l.c. pg. 265. 

In the case a, the values 51=0,1,2 correspond to K=J-1. Jj, J-1 
for normal terms (i.e., the indices 1,2,3). For reverse terms, 
on the other hand, this corresponds to K=J+1, J, J-1 (i.e., the 
indices 3,2,1). Thus, for example, the expressions given in Table 
2 under RPsi are to be given the name ■<'P,s, P„ JfPs, for reverse terms. 
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n 

only sllgbijly . Then the conditions are easily overseen. Prom 
the fact that 1} are equal 

among themselves and that 9 «h are almost 

equal, and also because «* 1 the expressions 

St^ iJ\ 1") s*, (J". y") + s„ V') (J", V") 

for i « k are close to 1, and for i / k are close to 0 and it fol- /585 

lows that only the main branches ^3 ^1» ^2’ ^3 

sent with measurable intensity. The Q branches are found to be much 

weaker than these which immediately follow by comparing 

and * 

Table 3 gives the expressions for the intercombination bands 
. They contain the formulas derived by Scblapp C5] as 
special cases. Here X is a real constant (X corresponds to E/D in 
the case of Scblapp). 

Comparison with experience . Quantitative intensity measure- 
ments in triplet bands were recently published by Nolan and Jenkins 
[6]. They measured intensities of the lines of the “/ 7 -*■ O-O* 
band of PH. Prom their measurements, after having determined the 
emission temperature, they plotted the values of the (experimental) 
i-factors as a function of the rotation quantum number J. We can /586 
calculate the theoretical i-faotors according to our Table 1. The 
constant Y for the ’77-Tem term of PH is Y = -l4.^ [6], Prom Pigures 
la and lb it can be seen, the upper part of which represents the 
experimental results and the lower part of which contains the curves 
calculated according to Table 1 that the agreement is very good. 


Por example, in the case of the C*n^X‘n, o— O' band of TiO, Y’ 

=180, Y'’=l88. For the C */7 - O-O of Nz , Y’=21.5, Y"=25.9. 

For the w »/ 7 .-i ’//, 0— o band of Cz we have V'«— 9,-t' = — 10,4, 

see for example, A. Budo, ZS. for Phys. 98, 437? 1936. 

The proportionality constant with the curves was selected so that 
the measured and calculated values of Qi agree as well as possible. 
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•X/-#- «r Ji 

, i-faebbrs 


i 

» 


^Q{J) 




« i) 

jy+D'Ku.+y-si-s'W-Di' 

* C,(J) 

p(j) 


2 (J + l)( 2 J-}-A(y- 2 )l» . 

Q(J) 


2;»(2J + n(V— 2)» 

W) 

\ P(U + l) 
( 

2J[2(J + 1) + A(V~2)1* 

. . 

®p(j) 

i 

J* (j -f 1) l(u» - V + 2) + 2 >.(J + 2))« 
C,(J) 

yu) 

; 

4;*J*(J + 2)*(2J+l) 
Cj(j) 



J ((J + 1) (Uj,~ V + 2) + 2 A J IJ + 2)P 
C,(J) 


Ml 


This is especially true if one considers the fact that several /587 
lines coincide in the spectrum and that the i-factors are not 
directly measured quantities. This also includes the inaccuracy 
of the temperature determination. 


The present work was carried out at the Physical Institute of 
the Royal Hungarian University for Technical and Economic Science, 
and v.'as partly supported by the Natural History Research Fund and 
the fz'^chenyi Society, and is directed by Prof. B. Pogdny. I would 
like to thank the Royal Hungarian Culture Ministry for granting me 
a research grant, especially Prof. I. Rybar as well as for the 
stimulation by the private docent R. Schmid. 
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Figure lb 
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